paddy production has steadily increased from around 220 million tons in 1960 to over 759.6 million tons in 2017, and rice production in 2017 is 503.9 million tons. At this level, global production would exceed the 2016 record by a modest 0.6% or 4.5 million tons (FAOSTAT, 2018) .
The present investigation was undertaken to gather some useful information on genetic variability character association and path coefficient analysis in a set of sixty-seven JNPT lines of rice genotypes. Heritability (h 2 ) is an index of transmissibility of the characters from the parents to offspring and has a predictive role in crop breeding programs (Khan and Naqvi, 2011) . Improvement in the mean genotypic value of selected plants over the parental population is known as genetic advance. The genetic advance for the studied traits is dependent on the extent of genetic variability, heritability and selection intensity (Allard, 1960) . It is not necessary that a character showing high heritability will also exhibit high genetic advance (Johnson, et al., 1955) . Selection of parents based on yield alone is often misleading. Hence, knowledge about relationship between yield and its contributing characters is needed for an efficient selection strategy for the plant breeders to evolve an economic variety. Correlation studies provide better understanding about yield contributing characters. Path coefficient analysis provide information about influence of each contributing trait to yield directly as well as indirectly and also enables breeders to rank the genetic attributes according to their contribution.
Materials and Methods
The experimental material consists of 67 new JNPT lines (Table 1) derived from Indica X Japonica subspecies crosses (F 8 -F 9 BC 3 generation) developed by Rice Improvement Project, JNKVV, Jabalpur were grown during Kharif season of 2018 at Seed Breeding Farm, JNKVV, Jabalpur (M.P.), India. These lines were planted in Randomized Complete Block Design with three replications. Twenty-one days old seedlings were transplanted in the experimental site with spacing of 15 cm between plant to plant and 20 cm between the rows, keeping single seedling per hill. Gap filling was done within a week so as to keep uniform plant population. Fertilizer dose of 120 kg N, 60 kg P 2 O 5 and 60 kg K 2 O was applied. The standard agronomic practices were adopted for normal crop growth.
Twenty-eight quantitative and quality characteristics were used to characterize and assess the genetic diversity of JNPT lines as per rice DUS guideline. Five plants were randomly chosen from each replication in each genotype for yield assessment and quality attribute traits. The observations were recorded as per the standard procedure and subjected to statistical analysis using mean values of five randomly selected plants.
Statistical analysis
The data on quantitative characters were statistically analysed on the basis of model described by Cochran and Cox (1950) for randomized complete block design. Parameters of genetic variability include mean, range, genotypic and phenotypic coefficient of variation were calculated by the method suggested by Burton (1952) and the estimate of PCV and GCV were classified as low, moderate and high according to Sivasubramanian and Madhavamenon (1973) .
Heritability for broad sense is the ratio of genotypic variance to the total phenotypic variance. Expected genetic advance was calculated by the method suggested by Johnson et al., (1955) and genetic advance as percentage of mean was calculated by the following formula:
GA as percentage of mean = Genetic advance
x 100 General mean Correlation coefficients were calculated for all quantitative character combinations at phenotypic, genotypic and environmental level by the formula given by Miller et al., (1958) 
The significance of phenotypic correlation coefficients was tested against 'r' values given by Fisher and Yates (1963) .
The direct and indirect contribution of various characters to yield were calculated through path coefficient analysis as suggested by Wright (1921) and elaborated by Dewey and Lu (1959) .The path coefficients were rated based on the scales given below (Lenka and Mishra, 1973 
Results and Discussion

Genetic variability parameters
Genotypic coefficient of variation (GCV) and phenotypic coefficient of variation (PCV)
The magnitude of variation between genotypes was reflected by high values of mean and range for genotypic traits studied ( Shrivastava et al., (2015) , Gautam et al., (2016) , Devi et al.., (2017) , Srujana et al., (2017) and Choudhary et al., (2018) . In this study, moderate GCV and PCV were observed for harvest index, thousand grain weight, number of tillers/plant, number of productive tillers/plant, head rice recovery, flag leaf width, stem thickness, spikelet fertility, this was in agreement with Choudhary et al., (2018) and partial agreement with Devi et al., (2017) . Similarly, harvest index recorded a high magnitude of GCV and PCV with the findings reported by Shrivastava et al., (2015) . Stem length, decorticated grain l/b ratio, flag leaf length, plant height, grain breadth, decorticated grain breadth, grain length, decorticated grain length, days to 50% flowering, panicle length, panicle index, days to maturity, milling percentage and hulling percentage showed low GCV and PCV (<10%) which was in agreement with the Hossain et al., (2015) for days to 50% percent flowering, Sohgaura et al., (2014) for milling percentage, days to 50% percent flowering and days to maturity.
Heritability and genetic advance analysis
In our study, most of the characters exhibited high broad sense heritability except flag leaf length which recorded low broad sense heritability. High heritability coupled with high genetic advance showed by thousand grain weight, head rice recovery, spikelet fertility, harvest index, number of spikelets/panicle, fertile spikelets/panicle, spikelet density, grain yield/plant, panicle weight/plant, number of tillers/plant and number of productive tillers/plant. This was partially in consonance with the findings of Dongre et al., (2014) ; Jha et al., (2014) for fertile spikelets/panicle. Similar results were reported by Debnath et al., (2015) for thousand grain weight, panicle weight/plant, fertile spikelets/panicle and grain yield /plant; Devi et al., (2017) for number of productive tillers/plant, fertile spikelets/panicle, thousand grain weight, grain yield /plant and head rice recovery; Vinoth et al., (2016) for fertile spikelets/panicle and fertile spikelets/panicle; Rajesh et al., (2016) for number of productive tillers/plant, fertile spikelets/panicle, number of spikelets/panicle, grain yield /plant and panicle weight/plant; Kumar et al., (2018) for thousand grain weight, spikelet fertility, spikelets per panicle, harvest index, grain yield/plant, biological yield/plant and number of productive tillers/plant. High heritability coupled with moderate genetic advance were found for grain length, decorticated grain length, days to maturity, days to 50% flowering, grain width, decorticated grain l/b ratio, decorticated grain breadth, panicle index, stem length and plant height. This study was in consonance with the findings of Sharma et al., (2014) for days to 50% flowering and days to maturity.
High heritability accompanied with low genetic advance exhibited by milling percentage and hulling percentage. This was in confirmation with the findings reported by Sohgaura et al., (2014) and Choudhary (2016) for hulling percentage.
Correlation coefficient analysis
In present investigation, genotypic correlation coefficients were higher in magnitude than phenotypic correlation coefficients in the same direction and magnitude indicated that there is a strong inherent association between each pair of character(s) which might be due to masking or modifying effect of the environment (Table 2) .
Grain yield/plant revealed significant and positive association with panicle weight/plant, followed by biological yield/plant, harvest index, number of tillers/plant, number of productive tillers/plant, panicle index, number of fertile spikelets/panicle, number of spikelets/panicle, spikelet fertility and spikelet density. It indicates strong association of these traits with grain yield per plant and selection for such traits will be useful in improving grain yield. A positive correlation between desirable characters is favourable because it helps in simultaneous improvement of both the characters. Similar results were previously confirmed by Ketan and Sarkar (2014) , Sohgaura et al., (2014) , Dongre et al., (2014) , Shrivastava et al., (2015) , Yadav et al., (2015) , Sameera et al., (2016) , Vinoth et al., (2016) , Kumar et al., (2017) , Onyia et al., (2017) , Shamim et al., (2017) and Pratap et al., (2018) .
However, negative and highly significant correlation of grain yield/plant was also observed with days to 50% flowering followed by days to maturity. This finding was in confirmation with the results of Lingaiah et al., (2014) , Sohgaura et al., (2014) , Onyia et al., (2017) and Hosagoudar et al., (2018) .
Path coefficient analysis
The present investigation revealed that the highest positive direct effect towards grain yield/plant was observed for spikelet density followed by number of tillers/plant, spikelet fertility, panicle weight/plant, decorticated grain length/breadth ratio, flag leaf length, decorticated grain width, milling percentage, panicle length, stem length, stem thickness, days to maturity and thousand grain weight. Similar results were reported by Chakraborty et al., (2010) for Spikelet density and spikelet fertility. Whereas, Kumar et al., (2017) confirmed the highest positive direct effect of spikelet fertility on grain yield/plant. Dongre et al., (2014) . While, panicle weight/plant exhibited positive direct effect on grain yield/plant was in agreement with the result of Kumar et al., (2014) and Yadav et al., (2015) . Decorticated grain length/breadth ratio and milling percentage recorded positive direct effect on grain yield/plant was in confirmation with the findings of Haque et al., (2014) and respectively.
Panicle length had positive direct effect on grain yield/plant was in agreement with the results of Lingaiah et al., (2014) and Pratap et al., (2018) with positive direct effect. Whereas, stem length recorded positive direct on grain yield/plant was in confirmation with the findings of Dongre et al., (2014) and Kumar et al., (2014) .Days to maturity had positive direct effect on grain yield/plant. This was in consonance with the finding of Sohgaura et al., (2014) , Karim et al., (2016) , Kumar et al., (2017) and Shamim et al., (2017) . The positive direct effect of thousand grain weight was in confirmatory with the results of Dongre et al., (2014) , Lingaiah et al., (2014) , Sohgaura et al., (2014) , Debnath et al., (2015) , Devi et al., (2017) and Pratap et al., (2018) .
In conclusion, the mean sum of squares due to genotypes for all the characters was highly significant for all the traits under study and indicated that the genotypes possessed inherent genetic differences. The values of PCV for all the traits were found to be more than GCV and very small difference was present in between GCV and PCV revealing little influence of environment for their expression. High heritability accompanied with high genetic advance was observed for the traits thousand grain weight (g), head rice recovery (%), spikelet fertility (%), harvest index (%), number of spikelets/panicle, fertile spikelets/panicle, spikelet density, grain yield /plant (g), panicle weight/plant (g), number of tillers/plant and number of productive tillers/plant. It indicates that the heritability is most likely due to additive gene effect and direct selection for these traits may be effective. Based on the results from correlation and path coefficient analysis, it is concluded that number of tillers/plant, spikelet fertility and panicle weight/plant showed positive correlation with grain yield and at same time exhibited high positive direct effect towards yield. Therefore, they seem to be primary yield contributing character and thus can be used as direct selection to improve genetic yield potential of rice.
